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[57] ABSTRACT 

A luminal endovascular graft or endoprosthesis having a 
tubular support which expands between a first diameter and 
a second, larger diameter is provided with an expandable 
porous coating which is applied over either or both of the 
internal cylindrical surface and the external cylindrical sur- 
face of the tubular support The first diameter allows the 
introduction of the luminal endoprosthesis into human or 
animal body passages. The expandable coating preferably is 
made from biocompatible fibers formed into a structure 
which allows normal cellular invasion upon implantation, 
without stenosis or restenosis, when the support element is 
at its second diameter. 

17 Claims, 1 Drawing Sheet 
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LUMINAL GRAFT ENDOPROTHESES AND 
MANUFACTURE THEREOF 

This application is a divisional of application Ser. No. 
08/546,524, filed Oct. 20, 1995, now U.S. Pat. No. 5,653, 
747, which is a continuation of Ser. No. 08/112,774, filed 
Aug. 26, 1993, now abandoned. 

BACKGROUND AND DESCRIPTION OF THE 
INVENTION 

This invention generally relates to luminal graft endopros- 
theses or endovascular grafts which have the ability to carry 
out dilation and/or support functions. These devices are 
suitable for treating blood vessel lesions and the like. An 
expandable endovascular prosthesis tubular support compo- 
nent and elastomeric graft material are combined into a 
single device wherein the graft material is secured to either 
or both of the internal and external surfaces of the expand- 
able endoprosthesis. The graft material preferably is pro- 
duced by a spinning technique such as that described in U.S. 
Pat. No. 4,475,972, the subject matter thereof incorporated 
by reference here into. 

In summary, the luminal graft endoprosthesis includes a 
tubular support with an internal surface and an external 
surface. It is expandable from a first diameter to a second 
diameter which is greater than the first. When it is in its first 
diameter, the tubular support is of a size and shape suitable 
to be inserted into human or animal body pathways. An 
expandable coating, made from a substantially inert biocom- 
patible graft material is applied onto at least one of the 
surfaces or walls of the tubular support element. 

Luminal endoprostheses with expandable coating on the 
surface of external walls of radially expansible tubular 
supports are proposed in U.S. Pat. Nos. 4,739,762 and No. 
4,776,337. In these two patents, the manufacturing process 
is not described and the coating is made from thin elastic 
polyurethane, Teflon film or a film of an inert biocompatible 
material. Such film may have radially projecting ribs for 
fixation, and macroscopic openings, via which the blood can 
flow between the covering and the vessel in which the 
endoprosthesis is anchored. Correspondingly, a coating 
formed from an elastomeric polyurethane film has been 
applied around a metallic support with form memory prop- 
erties. See A. Balko et aL, "Transfemoral Placement of 
Intraluminal Polyurethane Prosthesis for Abdominal Aortic 
Aneurysm", Journal of Surgical Research, 40, 305-309, 
1986. In U.S. Pat. Nos. 5,019,090 and No. 5,092,877, the 
possibility of covering the support of a radially expansible 
endoprosthesis is generally mentioned but not described. 

All of the luminal endoprostheses made according to 
these previous approaches have the disadvantage that the 
material used is not sufficiently biocompatible. In fact, 
expansible tubular supports have existed for a long time, for 
example, supports used solely to keep the mouths of certain 
weak vessels open. It should especially be mentioned that 
there are supports or stents which are expanded by applying 
an exterior force, e.g. inflating a balloon located inside the 
support. See for example U.S. Pat. Nos. 4,733,665, No. 
4,739,762, No. 4,776,337, No. 4,800,882 and No. 5,019, 
090. As is the case with other supports, it must be noted that 
some of these are auto-expansible due to their elasticity (see 
particularly U.S. Pat. No. 4,580,568 and the supports placed 
onto the market by Pfizer under the WALLSTENT® name), 
or due to their form memory properties (supports placed 
onto the market under the NITINOL name). 

Other prior approaches include semi-rigid prostheses 
introduced endoluminally. These prostheses have the form 
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of full tubes which can be connected to vessels to be 
reinforced by means of end supports such as those men- 
tioned above. See for example U.S. Pat No. 4,140,126, No. 
4,787,899 and No. 5,104,399 and J. C. Parodi et al., "Trans- 
5 femoral Intraluminal Graft Implantation for Abdominal Aor- 
tic Aneurysms'*, Annals of Vascular Surgery, Vol. 5, No. 6, 
1991. 

Based on actual experience, when supports have* been 
used alone, it has been shown that they lead to unorganized 

10 development of the cells in the mesh of the support, with 
rapid reforming of the cellular thickening in the vessels to be 
protected, i.e. fibrous hyperplasia. On the other hand, the 
tubes introduced as endoprostheses are used without a 
supporting element. Thus, a certain degree of rigidity must 

15 be offered. Their structures make them inappropriate in 
terms of the cellular growth on their walls. For the same 
reasons, expandable endoprostheses with an expandable 
coated support are inappropriate for normal growth of cells. 
They continue to represent a foreign body on the inside of 

20 the human or animal body into which they are implanted 
and, because of the films used, no normal cellular invasion 
is possible on the inside of their structure. 

There are tube-formed prostheses made from fibrous 
material having a structure of superimposed layers of fibers, 

25 where the fibers of one layer intersect those of neighboring 
layers, and a manufacturing process for such prostheses has 
been described. See J. Leidner et al., "A Novel Process For 
the Manufacturing of Porous Grafts: Process Description 
and Product Evaluation", Journal of Biomedical Materials 

30 Research, Vol 17, 229-247 (1983). These prostheses are 
used to replace fragments of defective vessels. Radial expan- 
sion of these prostheses is not necessary and is usually 
disadvantageous in view of the internal blood pressure. 
Generally, there are approximately 400 superimposed layers 

35 of successively interlaced fibers. 

To solve these problems, in accordance with this 
invention, a luminal endoprosthesis is provided with an 
expansible coating made from fibrous material. The fibers of 

^ this fibrous material form a structure among themselves 
which facilitates normal cellular invasion, without stenosis 
or recurrent stenosis of the human or animal pathway when 
the supporting element is in its second or expanded diameter. 
Surprisingly, it has been found that fibrous material, in 

45 which the openings between the fibers are greater than 30/i, 
preferably at least 50//, when the element is in its second 
diameter, not only facilitates cellular invasion, but also 
achieves particularly normal cellular growth with perfect 
cohabitation between cells and compatible biological fibers. 

so According to an implementation form of this invention, 
the fibers of the fibrous material are oriented at an angle less 
than 50°, often less than 30°, with respect to a generator of 
the tubular support element, when the latter is in its first 
diameter. Advantageously, the fibrous material is elastic, 

55 Preferably, polycarbonate fibers or polycarbonate urethane 
fibers are used, although other materials are possible. For 
example, polycarbonate polyurethane fibers placed onto the 
market by Corvita Corporation under the name CORE- 
THANE® are especially suitable. When such a fibrous 

50 coating is used, the diameter of its cylinder shape can be 
extended by 2 to 4 times with a concommitment change in 
wrap angle from 30° to 50° to 50° to 90°. According to an 
advantageous implementation form of this invention, the 
fibers of the fibrous material have a diameter to lQa to 20^ 

65 and are arranged in several superimposed layers. 

According to the preferred form of this invention, the 
support has an expandable covering which is applied onto or 
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adhered to the surface of the external wall of the support Thus, the support may also have a third diameter, greater 

element and/or onto the surface of the internal wall. It is also than the second. 

possible to consider reinforced endoprostheses, in which the The tubular support used in the illustrated example is a 

support element does not come into contact with the human support that is inflated by an internal balloon 3, and repre- 

or animal tissue, which embodiment is accomplished by 5 se nted in broken line in FIG. 1. The balloon 3 is mounted 

incorporating the support structure into the wall of the graft. on t 0 a catheter 4. With this structure, the luminal endopros- 

This results in improved biocompatibility. thesis can be expanded from an insertion configuration to an 

The process for manufacturing an endoprosthesis accord- implanted configuration by radially outwardly directed 

ing to this invention applies to an expandable, fibrous cover forces imparted by the balloon 3. An autoexpandable tubular 

onto at least one of the surfaces of the wall of the support 10 support is also possible, in which case, the support is 

element. When the support element is at its first diameter, the surrounded by a sleeve which keeps it in the first diameter 

device has a predetermined fibrous structure. When the d until the device is positioned for deployment such as from 

support element is at its second diameter, the openings the end of a catheter to its expanded state, 

between the fibers of the fibrous material are greater than The luminal endoprosthesis in accordance with the inven- 

3Qw and preferably at least 50/i. This process is preferably 15 ti on also has an expandable coating 5, made from inert 

employed when a tubular support or endoprosthesis that is biocompatible material, applied onto the surface of the 

expandable by an internal force is used, for example one that external wall and/or the internal wall of the support. This 

is deployed by inflating with a balloon. cover is porous and preferably made from fibrous material. 

In an alternative approach, an expandable, fibrous cover- The openings between the fibers are greater than 10//, 

ing with a predetermined fibrous structure is applied to at 20 preferably between about 30/* and 100//, when the support is 

least one of the surfaces of the wall of a support element in the state as shown in FIG. 2. 

having a third diameter, equal to or greater than its second As shown in FIG. 1 with a balloon-expandable support, 

diameter. When the support element is in its second when the diameter of support 2 is equal tod, the fibers of the 

diameter, the openings between the fibers of the fibrous expandable coating are oriented at an angle (5 of approxi- 

material are greater than 30/t and preferably at least 50//. The mately 30° with respect to the longitudinal axis of the 

wrap angle in its second diameter is 40° to 70°. The thus tubular support Depending on the desirable expansion 

covered support element is longitudinally stretched to its between the first diameter d and the second diameter D, i.e. 

first diameter where the wrap angle is reduced to 20° to 30° depending on the radial expansion on the endoprosthesis, 

and introduced to the body in this first diameter configura- angle p will be variable. After radial expansion, diameter D 

tion. Introduction is performed by pushing the longitudinally will preferably be between 2 and 4 times the initial diameter 

stretched structure out of the lumen of a catheter, at which d. When the support reaches diameter D, the fibers are 

point the structure self expands to its second diameter. This reoriented with respect to one another, and the angle 

approach is especially suitable when a self-expanding or between them and the longitudinal axis increases. In this 

auto -expandable, such as a spring-loaded type, of tubular position, this angle, for example, may have reached 45° or 

support is used. greater, for example 90°. 

The porous material need not be elastomeric, although 

BRIEF DESCRIPTION OF THE DRAWINGS ^ ^ £ dvantageous and highly preferred . p re f err ed fibers 

Other details and particularities of the invention empha- are polyurethane fibers. A particularly suitable polyurethane 

sizing the claims and a description are given in a non- 40 * a polycarbonate urethane available from Corvita Corpo- 

limiting matter with reference to the accompanying draw- ration under the CORETHANE® trademark and described 

ings wherein the identical or analogous elements on these in U.S. Pat. Nos. 5,133,742 and No. 5,229,431, incorporated 

figures are designated by the same references: by reference hereinto. Fibers of these polycarbonate ure- 

- , - r , u . - i j *u • - thanes are especially crack- resistant yet elastomeric and 

FIG. 1 shows a form of the luminal endoprosthesis in t . rt .** . J . t . t . t J , e 

. ... . . • u r , • , A c pliable. It will be appreciated that the elasticity of fibers 

accordance with the invention, m which form the luminal 45 v ' „^„ki~ 

-iuj facilitates the expanding property of the cover or expandable 

endoprosthesis can be introduced into human or animal body . v &v v j r 

4l _ r coating, 

pathways. b - . , . , , . 

_ . . . . . . .. . . . In the manufacturing example, the expandable coating is 

FIG. 2 shows the luminal endoprosthesis illustrated in ^ from urcmanc nbcrs ' baving a ^Icr 

FIG. 1 after radial expansion. ^ rf ^ (o ^ and arrangcd [n laycrs> c g m QT 

FIG. 3 shows a device used to manufacture preferred morc supC rimposed layers. The fibers of one layer are 

luminal endoprostheses according to this invention. parallel to one another. The fibers of the respective upper 

ncTAircnnccrD.DTinMnnTwn neighboring layer and the lower neighboring layer are 

DETAILED DESCRIPTION OF THE pflraUcl tQ Qne anothcr bm (hcy mtcrscct ^ fibcrs of thc 

INVENTION 55 respective neighboring layer. The fibers are bonded among 

FIGS. 1 and 2 illustrate a luminal endoprosthesis accord- themselves at the sites of crossing. Due to this arrangement, 

ing to this invention. This endoprosthesis has a tubular radial expansion is possible as long as the number of 

support 2 expansible from a first diameter d as shown in FIG. superimposed layers is not excessive, i.e. there are not more 

1 to a second diameter D as shown in FIG. 2. When the than about 500 layers. Moreover, owing to this, the desired 

support is in its first diameter, it can be introduced into 60 opening between the fibers develops when the covering is 

human or animal body pathways, for example, into periph- expanded. 

eral blood vessels and then lead to the desired site. There, the The expandable porous coating or elastomeric graft com- 

support is expanded to its second diameter D. It is to be ponent preferably is produced by a spinning technique such 

noted that the second diameter D is not necessarily the as that described in U.S. Pat. No. 4,475,972, incorporated by 

maximum expansion diameter of the support, but that cor- 65 reference hereinto. Polymer in solution is extruded into 

responding to its application against the walls of the human fibers from a spinnerette onto a rotating mandrel. The 

or animal body pathway to be supported at the desired site. spinnerette system is reciprocated along the longitudinal 
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axis of the mandrel at a controlled pitch angle, resulting in 
a non-woven structure where each fiber layer is bound to the 
underlying layer. Control of the pitch angle allows for 
control of compliance and kink resistance of the graft 
component A layer of polymer fibers can be spun onto the 5 
mandrel and the tubular support 2 slid over this layer. 
Alternatively, the tubular support 2 may be applied directly 
onto the mandrel with a layer of polymer fibers spun 
thereover. It is also possible to spin a layer of fibers onto the 
mandrel, apply the tubular support 2 over this layer, and then 10 
spin an additional layer of fibers over the tubular support 
such that it is coated with fibers on both its inner and outer 
surfaces. Bonding the inner and/or the outer layers of fibers 
to the tubular support 2 and/or to each other may be achieved 
by thermal bonding and/or by the use of adhesive agents 15 
such as an adhesive, a hot melt adhesive, a silicone adhesive, 
a primer, a coupling agent, combinations thereof, and the 
like. 

As can be seen in FIG. 1, the two end zones 6 of the 
support 2 are not covered. When the support reaches its 20 
second diameter D, its expansion is limited in its central part 
by the cover 5, but the expansion of the end zones 6 is not 
limited. Thus, under these conditions, the end zone portions 
6 of the support radially project toward the outside and, 
therefore, can serve as anchoring fixation members onto the 25 
wall of the body pathway to be supported. 

While not preferred, in certain instances, the porous 
coating not only can be made from spun or non-woven 
material as described but also from woven or knitted mate- 
rial. Moreover, one surface of the internal wall of the support 30 
may be covered or the covering can be applied to both 
surfaces of the wall of the support. In the latter case, the 
support no longer comes into immediate contact with the 
tissue of the human or animal body. 

Preferably, the fibers in each of the above-mentioned 
superimposed layers are oriented in such a manner that they 
intersect the fibers of a neighboring upper layer and those of 
the lower neighboring layer. By adapting the manufacturing 
process of Leidner and of U.S. Pat. No. 4,475,972, it has 
been found to be possible to directly apply a highly expand- 
able cover, also formed from crossed superimposed layers of 
fibers, onto an expandable tubular support. 

As mentioned above, endoprostheses made according to 
this invention can be introduced into peripheral blood ves- 45 
sels and advanced to the artery or vein, where the opening 
has been obstructed, for example, by exaggerated cicatriza- 
tion (healing), abnormal cellular growth (fibrous 
hyperplasia) or arterial or venous stenosis. Moreover, these 
endoprostheses can be used to reinforce vascular walls, 50 
weakened by pathological processes, for example, by pari- 
etal or dilated dissection, as in the case of aneurysms. In 
addition, they can also obliterate congenital or acquired 
arteriovenous communications. They can be applied in intra- 
hepatic portal-caval shunts. These endoprostheses can also 5S 
be used to keep other biological pathways open, for example 
digestive, biliary, pancreatic, urinary tracts. They help to 
limit the intraluminal growth of pathological processes, such 
as fibrosis or cancer. 

One primary and unexpected advantage of these go 
endoprostheses in accordance with this invention is the fact 
that transparietal invasion of the covering by living tissue is 
possible without unorganized cellular development and ten- 
dency towards stenosis or recurrent stenosis. 

A mode of application of an endoprosthesis in accordance 65 
with the invention will be described below by means of 
non-limiting examples. 
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EXAMPLE 1 

A communication is surgically created between the aorta 
and the inferior vena cava of dogs. This communication is 
closed by opening the femoral artery of the dog and inserting 
a catheter with a dilatable balloon into it. An endoprosthesis 
according to this invention is mounted onto the catheter, as 
described in FIG. 1. This unit, having a diameter of 3 or 4 
mm is subjected to angioscopic control where the aortal - 
caval fistula has been created. By inflating the balloon, the 
diameter of the endoprosthesis can be expanded to 12 mm 
with the open ends of the support being pressed into the 
aortic wall, thus suppressing the aortal-caval fistula. Then, 
the balloon is deflated and removed from the body with the 
catheter. 

After one month, the endoprostheses were explanted at 
the implantation site. Via direct examination and a study of 
histological sections, it can be determined whether the 
endoprosthesis has been completely invaded by living 
tissue, in particular its coating and whether endothelial cells 
have re-established on the luminal face. In fact, a collag- 
enous luminal deposit covered by a layer of neoendothelial 
cells has been observed at the surface in contact with blood. 

The stripes of the support provided with coating are 
surrounded by collagen and covered by ncointima. The 
histological signs of rejection or fibrous hyperphasia respon- 
sible for the clinical setbacks observed with endoprostheses 
made by previous methods were not seen here. No huge 
foreign body cells and no macrophages were observed. 

EXAMPLE 2 

FIG. 3 illustrates a device for use in the manufacture of 
endoprostheses according to this invention. This device 
roughly corresponds to the one described by J. Leidner et al., 
op. cit. It consists of a frame supporting a closed chamber. 
An elevated temperature is maintained inside the chamber. 
Owing to this, the fibers can be bonded when they are 
applied. A mandrel 9 rests inside the chamber. The diameter 
of this mandrel is just smaller than the diameter d of the 
expandable support. A rotative motor causes this mandrel 9 
to rotate around its longitudinal axis. Moreover, the chamber 
9 contains a rail 11, arranged parallel to the mandrel 9. A die, 
generally designated by reference numeral 12, can slide back 
and forth in direction F. This die 12 is led onto the rail 11 by 
a motor 18. The extruder head 13 is arranged just above the 
mandrel 9 and has several openings via which the filaments 
of the extruded material can leave. This material comes from 
a container 15, from which it is pumped by a pump 16 under 
pressure into a flexible conduit 17 which opens onto the base 
of the die 12. A cooling jacket, not shown in detail, keeps the 
temperature of the extrusion material, here polycarbonate 
urethane in a solvent, at the discharge of the die, at 35° C. 

A support 2 in its first diameter is led onto the mandrel 9 
and is brought into rotation by the latter. When desired, the 
support can be directly placed at the site of the mandrel. The 
die 12 is reciprocated (back and forth), and the filaments 
extruded by the die leave it at a certain angle a of inclination 
with respect to the mandrel axis. This angle can be adjusted 
as a function of the speed of the die and the rotational speed 
of the motor 10. 

When the die 12 reaches the end of the mandrel 9, at the 
right on FIG. 3, its displacement direction has been reversed, 
in a known manner, by motor 18, and the extruded filaments 
are inclined by angle a with respect to the mandrel, but 
opposite to that of the first layer. Thus, the fibers of the 
second layer are parallel to one another but cross those of the 
first layer. The following manufacturing parameters were 
used in this non -limiting example: 
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Temperature of the material 


35° C. 


extruded at the outlet of the 




extruder head 




Temperature of the material 


40-70° C 


inside of the chamber 8 




Relative air humidity in 


<40% 


the enclosed space 




Diameter of the mandrel 


3 mm 


Angle of inclination of the 


30* 


fibers with respect to the 




mandrel axis 




Speed of the linear motor 18 


19.8 cm/s 


Flow of the fibers 


0.061 ml/min. 


Speed of the fibers 


30.8 cm/s 


Rotational speed of the mandrel 


1500 rpm 


Number of layers 


200 layers 



Alternatively, the fibrous layer can be spun at a high pitch 
angle of 80° representing expanded diameter D. The fibrous 
tube can then be pulled longitudinally such that the diameter 
is that of d. The tube can be heat set in this configuration, 20 
then placed over the support. 

As another alternative, before placing the support onto the 
mandrel 9, several layers of fiber can be applied directly 
onto the mandrel as described, and then the support is placed 
onto the mandrel in accordance with the manufacturing 
process previously described. In this case, the surface of the 
external wall and the surface of the internal wall of the 
support are covered. 

After discharge from the enclosed space of the closed ^ 
chamber, the coated supports made in accordance with the 
selected procedure are cut into desired lengths. 

EXAMPLE 3 

A procedure along the lines of Example 2 was carried out 35 
to use an auto -expansible support. The mandrel 9 has a 
diameter just below the maximum diameter of the support, 
and this is placed onto the latter. The parameters of the 
Example 2 process were modified to take into consideration 
the fact that, in this form, the support will be stretched until 40 
it reaches its diameter d. Therefore, the angle a must be 
much larger, for example, 50° or greater, perhaps almost 90°, 
so that after expansion, an angle of 30° can be obtained 
between the fibers and the generator of the support. When 
the support is stretched, the fibers are rearranged among 45 
themselves by reducing the above-mentioned angle and 
thanks to their visco-elasticity, if they are elastic. As a result, 
there is no crumpling or crinkling of the covering around the 
support during stretching. 

More specifically, 16 mm internal diameter self- 50 
expanding Wallstent®, 15 cm long, formed of 24. helically 
wound wires at 50° wrap angle in respect to the longitudinal 
axis of the stent, was incorporated into the wall of an 
endoprosthesis in the following manner: First, the Wall- 
stent® was prepared by dipping it into a dilute solution of a 55 
low melting point adhesive (100° C.) and then the adhesive 
was dried where it forms a thin layer or coating of adhesive 
on the wire stent. 

The mesh was prepared by spinning 400 layers of poly- 
carbonate u re thane fibers from dimethylacet amide solution 60 
(45% solids content) onto a 16 mm diameter mandril, at a 
50° wrap angle, at a flow rate of 0.085 ml/min at 500 rpm. 
The fibers were then dried at room temperature on the 
mandril. When dry, the fibrous mesh, still on the mandril is 
rotated, and 3 cm long sections of fibrous mesh were cut 65 
with a razor blade and removed every 13 cm along the length 
of the graft. A multiplicity of Wallstents© equal to the 
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number of 13 cm lengths of mesh were slightly compressed 
longitudinally and slid over and placed on the 13 cm lengths 
of meshed mandril such that 1 cm on each end of the stent 
was exposed to bare mandril. An additional 100 layers of 
fiber were spun on the external wall of the endoprosthesis. 
The endoprosthesis on the mandril was then dried, annealed 
and heat bonded to the metal and between mesh layers, 
followed by cooling and removal from the mandril. 

While the present invention has been described with 
particularity, it is the intent that the invention include all 
modifications and alternations from the disclosed embodi- 
ments that fall within the spirit and scope of the appended 
claims. 

I claim: 

1. A process for manufacturing a luminal endoprosthesis, 
comprising the steps of: 

providing a support element having an external surface 
and an internal surface, which support element is 
expandable from a first diameter at which it is insert- 
able into a body pathway and to a second diameter 
greater than the first diameter; 

applying an expandable porous coating onto at least one 
of the external surface and internal surface of the 
support element, said applying step being carried out 
while the support element is at its said first diameter, 
and said applying step includes applying expandable 
fibers to form the expandable porous coating to form a 
predetermined structure of fibers having openings ther- 
ebetween; and 

said applying step includes providing the expandable 
porous coating to form a predetermined structure hav- 
ing pores therein such that, when the support element 
expands from its first diameter to its second diameter, 
said pores are opened to allow normal cellular invasion 
thereinto from the body pathway when implanted there - 
within. 

2. The process in accordance with claim 1, wherein the 
applying step provides said openings at the second diameter 
of between about 30/* and about 10Qu. 

3. The process in accordance with claim 1, wherein the 
openings between the expandable fibers of said applying 
step are at least about 10//. 

4. The process in accordance with claim 1, further includ- 
ing rotating the support element along its longitudinal axis 
when in its first diameter, and said applying step applies 
successive layers of fibers onto the external surface of the 
support element at an angle of less than about 50° with 
respect to said longitudinal axis. 

5. The process in accordance with claim 4, wherein said 
angle of the applying step is less than about 30°. 

6. The process in accordance with claim 1, further includ- 
ing the steps of providing a mandrel having a diameter less 
than the first diameter of the support element; 

applying successive layers of fibers onto the mandrel by 
relative rotation between the mandrel and the fibers at 
an angle of less than about 50° with respect to the 
longitudinal axis of the mandrel; 

placing the support element onto the successive layers of 
fibers on the mandrel thereby applying the successive 
layers of fibers onto the internal surface of the support 
element; and 

subsequently removing the mandrel from within the suc- 
cessive layers of fibers. 

7. The process in accordance with claim 6, wherein the 
angle of applying successive layers of fibers onto the man- 
drel is not greater than about 30°. 
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8. The process in accordance with claim 1, further includ- 
ing the step of inserting an inflatable element into the 
luminal endoprosthesis, which inflatable element is capable 
of expanding the support element from its first diameter to 
its second diameter. 

9. The process in accordance with claim 1, wherein said 
applying step further includes superimposing layers of the 
fibers one layer onto another while orienting the fibers such 
that the fibers of one layer intersect the fibers of an adjacent 
layer. 

10. The process in accordance with claim 1, wherein said 
applying step further includes thermally bonding the fibers 
to one another. 

11. The process in accordance with claim 1, further 
including the step of adhering the fibrous coating to the 
support element by applying an adhering agent to one of said 
surfaces of the support element and then spinning the fibers 
thereover. 

12. The process in accordance with claim 11, wherein the 
adhering step includes adhering an inner fibrous coating and 
an outer fibrous coating together thereby encapsulating the 
support element therebetween. 

13. The process in accordance with claim 11, wherein the 
adhering agent of the adhering step is selected from the 
group consisting of an adhesive, a hot melt adhesive, a 
silicone adhesive, a primer, a coupling agent, and combina- 
tions thereof. 

14. A process for manufacturing a luminal endoprosthesis, 
comprising the steps of: 

providing a support element having an external surface 
and an internal surface, which support element is 
expandable from a first diameter at which it is insert- 
able into a living body pathway and to a second 
diameter greater than the first diameter, the support 
element having a third diameter equal to or greater than 
its second diameter; 
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applying expandable fibers onto at least one of the exter- 
nal surface and internal surface of the support element 
to form an expandable fibrous coating, said applying 
step being carried out while the support element is at its 
5 said third diameter, said applying step includes posi- 
tioning the expandable fibers to form a predetermined 
structure of fibers having openings therebetween such 
that, when the support element is at its second diameter, 
said openings between the fibers are greater than about 
10 lp f and 

longitudinally stretching the support element having the 
expandable fibrous coating until the support element 
reaches its first diameter. 
15 IS. The process in accordance with claim 14, wherein the 
applying step provides said openings at the second diameter 
of at least about 50/*. 

16. The process in accordance with claim 14, further 
including rotating the support element along its longitudinal 

20 axis when in its third diameter, and said applying step 
applies successive layers of fibers onto the external surface 
of the support element at an angle of between about 50° and 
about 90° with respect to said longitudinal axis. 

17. The process in accordance with claim 16, further 
25 including the steps of providing a mandrel having a diameter 

less than the third diameter of the support element; applying 
successive layers of fibers onto the mandrel by relative 
rotation between the mandrel and the fibers at an angle of 
between about 50° and about 90° with respect to the 
30 longitudinal axis of the mandrel; placing the support element 
onto the successive layers of fibers on the mandrel to thereby 
apply the successive layers of fibers onto the internal surface 
of the support element; and subsequently removing the 
mandrel from within the successive layers of fibers. 

35 

***** 
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